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(57) Abstract 

An apparatus for cooling hot gas comprising a vessel (2) provided with an inlet (1 A) for hot gas and an oulet (5) for cooled gas, at 
least a heat exchange tube (4) defining a gas passage through a cooling medium compartment arranged within the said vessel and said tube(s) 
(4) being mounted at least at or near its (their) upstream end(s) in a tube plate (2A) which closes the said cooling medium compartment of 
said vessel. The tube plate (2A) is provided at its upstream end with a means (7) for cooling die tube inlet section. The flow of cooling 
medium along the outer wall(s) of the gas passage(s) is in countercurrent to the gas flow(s) through the gas passage(s)(3). 
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APPARATUS FOR COOLING HOT GAS 

The invention relates to an apparatus for cooling hot gas which 
apparatus comprises a vessel provided with one or more heat 
exchanging tubes, the hot gas flowing through the said tube(s) and a 
cooling medium (e.g. water) flowing round the said tubes and the 
5 tubes being mounted at least at one end in a tube plate. 

Such heat exchange devices are used on a large scale in many 
branches of industry, e.g. in the petroleum industry for cooling 
products obtained from hydrocrackers and reactors for partial 
oxidation of (hydro) carbon-containing fuels such as oil and coal and 
10 the like. 

When for cooling purposes the hot gases are passed through 
tubes which are cooled with a cooling medium on the outside, the 
walls of the tubes acquire a high temperature owing to transfer of 
heat from the hot gases to the tube metal which heat is further 
15 transmitted to the cooling medium. Advantageously, for reasons of 

space saving helically coiled tubes are applied. 

Dependent on the field of application, technical problems of 
different nature are met. 

E.g. the cooling of hot gases obtainable from the gasification 
20 of (hydro) carbon-containing fuel, in which the presence of small 

solid particles is unavoidable, involves serious heat transfer 
problems and erosion/corrosion problems. 

• ■ 

For example, hot synthesis gas produced by partial oxidation of 
(hydro) carbon-containing fuel is generally cooled in a heat 

25 exchanger located next to the gasifier thereby producing high 

pressure steam. A critical area is the gas inlet of the heat 
exchanger where the hot synthesis gas enters the heat exchange area. 
The wall thickness of the inlet area is to be minimised but should 
be thick enough to ensure mechanical integrity based on pressure and 

30 thermal loads. The gas velocity at the inlet area should be 

sufficiently high to prevent fouling (say 12 m/s) but on the other 
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hand low enough to ensure sufficiently low gasside heat transfer 
coefficients. In particular, obtaining an optimum between fouling 
and velocity is desirable. 

The heat exchange inlet area is subject to overheating (high 

5 heat fluxes) and high temperature corrosion phenomena. 

High temperature corrosion phenomena e.g. metal dusting and 
sulphidation are known as such to those skilled in the art and will 
therefore not be described in detail. Generally, it can be said that 
metal dusting is a corrosion attack in carbonaceous atmospheres with 

10 low concentrations at temperatures in the range of 500-900 °C. 

Further, it has appeared that in carbonaceous atmospheres with 
high sulphur contents sulphidation attack occurs. In particular, it 
has appeared that corrosion phenomena like metal dusting and 
sulphidation restrict equipment lifetime. 

15 It is therefore an object of the present invention to provide a 

heat exchanger comprising a specific inlet section for better 
defined cooling and improved equipment lifetime and improved 
reliability. 

The invention therefore provides an apparatus for cooling hot 

20 gas comprising a vessel provided with an inlet for hot gas and an 

outlet for cooled gas, at least a heat exchange tube defining a gas 
passage through a cooling medium compartment arranged within the 
said vessel and said tube(s) being mounted at least at or near its 
(their) upstream end(s) in a tube plate which closes the said 

25 cooling medium compartment of said vessel, thus forming a tube inlet 

section, wherein the tube plate at its upstream end is provided with 
a means for cooling the tube inlet section, in such a manner that 
the flow of cooling medium along the outer wall(s) of the gas 
passage(s) is in counter current to the gas flow(s) through the said 

30 gas passage (s). 

Advantageously, the means for cooling the tube inlet section 
comprises a cooling medium inlet and cooling medium outlet and 
defines a closed space between said cooling medium inlet and said 
cooling medium outlet at the upstream end of the tube plate, and 

35 further comprises a means for directing the flow of cooling medium 
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from the said cooling medium inlet along the outer wall of the said 
gas passage (s) . 

According to the invention the cooled inlet section reduces 
the occurrence of the above erosion/corrosion phenomena, in 
particular, sulphidation and metal dusting are reduced by keeping 
the metal temperatures at the inlet section sufficiently low, say 
below 400 °C. 

The invention will now be described by way of example in more 
detail by reference to the accompanying drawings, in which: ' 
fig. 1 represents schematically a sectional view of a heat exchanger 
of the invention connected to a reactor; 

fig. 2 represents schematically a partial longitudinal section of 
the heat exchanger of the invention, connected to a reactor; and 
fig. 3 represents a sectional view of a detail of fig. 2. 

Referring to fig. 1 a reactor 1 is shown for producing product 
gas e.g. by partial oxidation of hydrocarbon-containing fuel. 

The product gas is supplied to a heat exchanger 2 and is 
further treated in any suitable manner after heat exchange. Such 
partial oxidation processes and appropriate process conditions are 
generally known to those skilled in the art and will therefore not 
be described in detail. 

Generally, it can be said that (hydro) carbon-containing fuel A* 
(optionally with a moderator) and an oxidizer B 1 (optionally with a 
moderator) are supplied to the reactor 1 wherein raw hot synthesis 
gas is produced under appropriate process conditions. 

The raw hot synthesis gas is supplied from the reactor 1 via a 
duct la to the gas inlet of the heat exchanger 2 located next to the 
reactor. 

The arrows A represent the synthesis gas flow direction. 
30 The mechanical connections of reactor and duct on the one side 

and duct and heat exchanger on the other side are made by means of 
any connections suitable for the purpose (e.g. flanges) (not shown 
for reasons of clarity) . At the upstream end of the said gas inlet a 
tube plate 2a which closes the cooling medium compartment of the 
heat exchanger, comprises at least a tube forming at least one gas 
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passage 3 from the duct la to at least a coil 4 of the heat 
exchanger 2 which is further provided with a gas outlet 5 and an 
outlet 6 for steam. Advantageously, the tube plate is flat and 
comprises 4-10 gas passages. It will be appreciated by those skilled 
5 in the art that the tube plate can be located in any manner suitable 

for the purpose, e.g. in the inlet for hot gas, within the vessel of 
the heat exchanger or between the reactor and the said inlet for hot 
gas . 

Fig. 2 represents a partial longitudinal section of the 
10 apparatus of the invention. The same reference numerals as in fig. 1 

have been used. Two gas passages 3 have been shown. The tubes 
providing the gas passages are suitably mounted at their upstream 
end in the tube plate 2a which closes the cooling medium compartment 
of the vessel of the heat exchanger 2. 
15 The tube 2a comprises at its upstream end at least a cooling 

chamber 7 which is provided with an outlet 8 for cooling medium and 
an inlet 9 for cooling medium. The inlets 9 receive cooling medium B 
from a supply line 10. Each cooling chamber 7 comprises a means 11 
having any suitable thickness (e.g. about 5-45 mm) for directing the 
20 flow of cooling medium from the inlet 9 along the outer wall of the 

gas passage 3 in such a manner that the inlet section is thoroughly 
cooled, thus lowering the temperature of the inlet section. 
Advantageously, said means 11 is rotation-symmetrical, e.g. a 
sleeve. 

25 Fig. 3 represents a sectional view (rotation-symmetrical) of 

the inlet section of a gas passage 3 of fig. 2 in more detail. 

The arrows A represent the flow direction of the synthesis gas 
to the coil(s) of the heat exchanger (not shown for reasons of 
clarity) . 

30 The inlet section is provided with an annular space 7a 

surrounding the gas passage 3. (For reasons of clarity only part of 
the inlet section is shown.) 

The annular space 7a is communicating at its one side with a 
cooling medium inlet 9 and at its other side through the cooling 

35 chamber 7 and a cooling medium outlet 8 with any means suitable for 
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the purpose e.g. a vaporizer means (not shown for reasons of 

< 

clarity) . 

The annular space 7a is provided with the flow directing 
means 11 (e.g. a sleeve or a baffle) providing an annular slit 
having a certain width to provide a well defined cooling area. Any 
suitable cooling medium can be applied e.g. feed water. 

The arrows C represent the direction of cooling medium within 
the said flow direction means 11. 

The flow direction of the cooling medium flow is counter- 
current to the gas flow through the gas passage 3 forcing the 
cooling medium to have an intimate contact with the heat exchanger 
inlet section especially at the knuckle 12. The gas passages have 
been shown with conical ends. However, it will be appreciated by 
those skilled in the art that the invention is not restricted 
15 thereto. 

Further, a heat resistant or erosion-resistant barrier 13 for 
the remainder of the inlet section is advantageously installed to 
shield off the high temperature gas flow from the metal parts 
adjacent to the inlet tubes. It will be appreciated by those skilled 
20 in the art that such barrier 13 can have any form suitable for the 

purpose, e.g. a lining or an insert and the like. 

The invention will now be described in more detail by reference 
to the following example: 
Example 

25 Process and fuel applied therein: partial oxidation of a liquid or 

solid and/or gaseous hydro-carbon 
containing fuel. 
Partial oxidation pressure: 0.1-12 MPa 



30 



Temperature: 1000 °C - 1500 °C 

Typical crude synthesis gas composition %-vol dry: 



35 



co 2 




1.5 - 


9, 


H 2 S 




0.0 - 


1.0, 


°2 




0.0 - 


o.i, 


H 2 




45 - 


56, 


N 2 




0.0 - 


0.5, 
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Capacities : 

Steam pressures: 
Cooling water pressures: 
Cooling water temperatures : 
Feed water flow: 

(used for cooling inlet section) 
Water velocity at annular space: 



Annular slit width: 



CO = 30 - 49, 
CH 4 = 0.05- 0.3, 
300,000-4,000,000 Nm3/day of 
crude synthesis gas flow 
0.1-12 MPa, 
0.1-12 MPa, 
20 - 250 °C, 
12,000-180,000 kg/h, 

sufficiently high to ensure 
suitable cooling medium heat 
transfer coefficients, 
1-6 mm. 



Various modifications of the present invention will become 
apparent to those skilled in the art from the foregoing description 
Such modifications are intended to fall within the scope of the 
appended claims. 
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CLAIMS 

1. An apparatus for cooling hot gas comprising a vessel provided 
with an inlet for hot gas and an outlet for cooled gas, at least a 
heat exchange tube defining a gas passage through a cooling medium 
compartment arranged within the said vessel and said tube(s) being 
mounted at least at or near its (their) upstream end(s) in a tube 
plate which closes the said cooling medium compartment of said 
vessel, thus forming a tube inlet section, wherein the tube plate at 
its upstream end is provided with a means for cooling the tube inlet 
section in such a manner that the flow of cooling medium along the 
outer wall(s) of the gas passage (s) is in countercurrent to the gas 
flow(s) through the said gas passage(s). 

2. The apparatus as claimed in claim 1, wherein the said means for 
cooling the tube inlet section comprises a cooling medium inlet and 
cooling medium outlet and defines a closed space between said 
cooling medium inlet and said cooling medium outlet at the upstream 
end of the tube plate, and further comprises a means for directing 
the flow of cooling medium from the said cooling medium inlet along 
the outer wall of the said gas passage (s). 

3. The apparatus as claimed in claim 1 or 2, wherein the said flow 
20 directing means is a baffle or sleeve. 

4. The apparatus as claimed in any one of claims 1-3, wherein the 
tube inlet section is provided with a heat resistant or erosion 
resistant barrier at its upstream end. 

5. The apparatus as claimed in any one of claims 1-4, wherein the 
25 tube plate comprises the cooling medium outlet and the cooling 

medium inlet of said means for cooling the tube inlet section. 

6. The apparatus as claimed in claims 2-5, wherein the said flow 
directing means defines an annular space surrounding the outer 
wall(s) of the said gas passage (s) . 

30 7. The apparatus as claimed in any one of claims 1-6, wherein the 

tube plate is flat. 
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8. The apparatus as claimed in any one of claims 1-7 , wherein the 
tube plate is arranged in the duct connecting a reactor and the said 
vessel. 

9. The apparatus as claimed in any one of claims 1-7 , wherein the 
tube plate is arranged in the inlet for hot gas of said vessel. 

10. The apparatus as claimed in any one of claims 1-7, wherein the 
tube plate is arranged within the said vessel. 
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